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(71) We, THE BBNDIX COR- 
PORATION, a corporation organized and 
existing under the lam of tfie State of 
Delavirare, United States of America, of 
Ben^x Center, Southfleld, Michigan, 
United States of America, do hereby declare 
the inventim, for uridch we pray that a 
patent nunr be granted to us, and the metfiod 
by wMch It is to be performed, to be i»r- 
dcnlarty described in and by the following 
statement: — 

The invention relates to a brake actuating 
apparatus for a mult^le dbc aircraft disc 
brake. 

In conventional aircraft multitpie disc 
brakes having an annular prnsuie plate, it 
has been the practice to jnrovide a plurality 
of drcumferentially arranged spaced apuit 
fluid pressure actuated pistons connected to 
actuate the broke upon demand and a 
plurafity of 

spaced apart brake adjust and reset 
operatively connected to tiie ^essure plate 
between die pistons for adjusting the aadal 
position of tiiB pressure plate to cranpensate 
for wear of the brake discs and permit 



retraction of the pressure olate to maintain a 
predetermined running dearance between 
discs iqion release of die brake. 

U has been found that such convendonal 
brake piston and adjust and reset airange- 
ments are not entirely satisfactory due to 
distortion of the annular pressure plate 
resulting from uneven force distribution 
thereon as a consequence of the q^acedapart 
brake adjust ana reset devices and the 
porition of the same relative to the brake 
actuating piston8« 

At least one known attempt has been 
made to combine the piston and adjust and 
reset a^aratus to. thereby place the same as 
well as the fiorces derived tiierefrom hi 
coaxial relationshh). Aldioua^ *such a 
cambined piston and adjust andieset device 
has distinct advantages over die jnior art 



devices it is not without certain undesirable 
£sature8.itliasbenfoundthatwearor other 
deterioration such as metal fatigoe of die 
component membera of the brake actuating 
piston and adjust and reset device is ao- 50 
ceteated by wear and/or brake vibration 
^tridch, in the case of exposure to the 
pressurized brake fluid, results in utir 
deniable particle contamination of die 
working pressurized flind. Anodier un- 55 
desirable characteristic feature of many 
related prior art s tr uct ur e s is a requirement 
for partial or complete disassemoQr of tbo 
disc brake structure to gain access to the 
brake actuadng^ piston and adjust and reset 60 
mechanism for routine maintenance or 
repair of the same. 

It is the object of the present Invention to 
provide a brake actuatliig apparatus 
wherein the adjust and reset means is 65 
is<^ted from the pressurized fluid to avoid 
pardde contamination of die pressurized 
flnid and iiriierein die component annular 
parts of die actnaling miaratus are 
coaxially arranged in a compact reladonshm 70 
such that the working forces derivm 
.tlierefram act through a common axis. 

For this object, 'the present invention 
provides a brake actuating apparatus for a 
multtele disc aircraft disc brwe. comprising 75 
a canng having a c»vi^ therein, a piston 
slidably carried In said cavity and responsive 
to a pressurized fluid oommunicateo to said 
cavi^, adjust and reset means being also 
providedinsaidcavity characterized m that 80 
said piston Is farther aUdab^r canted on a 
tubular section Bxedfy connected to the 
caring so as to define be^eeen said casing, 
said tubular section' and said piston .an 
annular chamber adapted to be siqypfied by 85 
said pressurized fiidd, the adjust and reset 
means being coaxially airanged in said 
tubular section, and jwlatftd from the 
pressurized fluid. 
According to a prefer re d embodiment of 90 
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. the invention, the adjust and reset means 
comprise a first tubular member, said 
tubular section defining first and second 
azialiy spaced stop means, resilient means 
5 normally ur^g said tubular member 
against the first stop means on brake 
rdease, said tubular member carrying a 
def ormable tubidar member through wiuch 
extends a stem member secured at one end 

10 to said piston and having an amiular head 
engaging the internal wall of said def oz^ 
mu>le tubular member to define a 
predetennined force resisting axial relative 
moroment between the stem member and 

IS file defonnable tubular member, said force 
beinp greater ttum the force de&ied by the 
resihent means. 

The invention wiU be now described by 
way of example witfi reference to die ac- 

20 companyinfi drawings in which: 

Figure 1 is a schematic representation of a 
wheel and brake assembly embodyi^ the 
present invention. 

Figure 2 is a sectional view of the present 

25 invention shown removed from the wheel 
and brake structure of Figure 1 and drawn in 
enlarged form. 

Figure 3 is a sectional view taken on line 
3— O of Figure 2. 

30 Referring to I^gure 1, numeral 10 
designates a conventional wheel and brake 
assembly including two annular wheel half 
portions 12 and 14, only one of which is 
shown in cross section. The wheel portions 

35 12 and 14 are each provided wim a tire 
retaining flange portion 16 for retaining a 
tire, not shown, thereon. A plurality of 
circumferentially spaced apart M>lt and nut 
combinations 18 serve to fixedly secure the 

40 wheel portions 12 and 14 together. Hie 
wheel portion 12 is rotatably carried on a 
fixed axle 20 by conventional bearing means 
22 interposed between a hub portion 24 and 
axle 20. 

45 A rotatably fixed annular brake carrier or 
casing 26 suitably keyed to fixed axle 20 by^ 
splines 28 is provided witii a plurality of 
circumferentially spaced apart open ended 
chambers or caimes 30 on^ one of which is 

50 'shown in Figure 1. An aminlar torque tube 
32isfixedly secured to brake carrier 26 by a 
^urafity of circumferentially spaced apart 
bolts 34, only one of vtiiich is shovm, ex- 
tending through tiie carrier 28 into threaded 

55 engagement widi the toraue tube 32. The 
torque tube 32 is provided widi an integral 
annular brake backing plate 36 having an 
annular section of friction material or Iming 
38 fixedly secured thereto. 

60 A phnality of ammlar brake stator 
members 40 are interleaved with a pluraHty 
oi ammlar brake rotor members 42. The 
brake stator members 40 are each provided 
wifii lining 44 fixedly secured to opposite 

65 sides thereof and are suitabi^ keyed as at 46 



for axial movement on torque tube 32. The 
rotor members 42 are smtabfy keyed for 
axial movement to a spline member 48 
which, in turn, is fixedly secured to wheel 
portion 12. The interleaved or stacked 70 
rotors 42 and staters 40 are adapted to be 
compressed togefiier between the backing 
plate 36 and a movable pressure plate 50 to 
provide (he desired braking or retardation 
of the wheeL The pressure plate 50 has 75 
lining 52 fixedly secured thereto and is 
suitably keyed as at 54 for aslal movement 
on torque tube 32. 

Hie actuating force imposed on the 
pressure plate 50 tending to compress the 80 
rotcffs and stators 42 and 40 together is 
derived from a plurality of pressurised fluid 
re^onsive motor assembli^ 56 embodN^ing 
the present invention secured in chambers 
30 and responsive to pressurized fluid 85 
conducted to each chamber 30 via passage 
means including a passage 58 from a con- 
ventional operator controlled pressure 
source, not shown. 

As shown in Figure 2, the motor 90 
assemblies 56 each include an stutniint* 
member 59 provided with a fiizeaded outer 
wall portion 60 and a flange portion 62 
extending radiaOy outwardly therefrom. The 
carrier 26 is suitably threaded at one end of 95 
eachcavity 30 to receive the wall portion 60. 
The flange portion 62 Is suitably formed to 
be engaged by conventional tool means (not 
shown) for rotating tixe atiw^^r member 59 
into position. A flexible seal 63 compressed 100 
between flange portion 62 and carrier 26 
serves as a seal against fluid leakage^tiiere- 
between. A sleeve 64, sUdably received by 
cavity 30, is provided with an enlarged 
diameter section 66 adapted to bear agahist 105 
a shoulder 68 formed in the wall of cavity 30. 
The enlarged diameter section 66 is suxtabh* 
recessed to receive an ring seal 70 
which provides a fluid seal between ad- 
jacent surfaces of sleeve 64 and wall of 110 
cavity 30. 

The adjust and reset means will now be 
described. The wall portion 60 is adapted to 
telescope over die adjacent end wall of 
sleeve 54 to the extent timt the end of sleeve 115 
64 which faces the flange portion 62 bears 
against an annular wall portion 72 extending 
m>m wan portion 60 to a reduced M^^nrtfr 
tubular section 74 having a roaced apart 
relationship with sleeve 64 coaxial 120 
therewith, Tlie wall portion 60 and sleeve 64 
preferably have a press fit. A piston 75 
having a skirt section 76 and a base section 
78 is arranged to telescope on tubular 
section 74. The skirt section 76 is provided 125 
with an enlarged diameter portion 80 
suitabfy recessed to receive an 'Xy* ring seal 
82 which resists fluid leakage between 
portion 80 and sleeve 64. The tubular, 
section 74 Is suitably recessed to receive an- 130 
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**0" ring seal 83 which resists fluid leakage 
between ddrt section 76 and tobular section 
74. The skirt section 76 is adapted to abut 
wall portion 72 when die piston 75 is 
5 retracted as shown* Ttie piston 75 is 
responsive to pressuiixed fluid conducted to 
the annular end area of skirt portion 76 viae 
plurality of openings 84 in sleeve 64, an 
y T^ ti y iar chamber 86 between carrier 26 and 

10 sleeve 64 and a passage 87 in carrier 26 
which passage 87 is connected to receive 
pressurized fluid £roni die operator con* 
trolled source (not shown). 
The base section 78 is provided with a 

15 mating block of si^ble heat insulation 
mamal90 held in place bjr a retaining cap 
92. The retaining cap 92 is provided witn 
flexible side wall portions 96 adapted to 
sfide over piston 75 to thereby retam block 

20 90 in posinon. A convendonal fleodble seal 
or dust boot 9S having c^posite end portions 
suitably formed to snap into annular 
recesses 100 and 102 formed in skirt secdon 
76 and sleeve 64, respectively, serves to 

25 exclude dirt or other debris from the interior 
wan of sleeve 64 against which the skirt 
section 76 slides. The cap 92 is provided 
with an annular shield 104 extending radially 
therefrom to shield seal 98 from pressure 

30 plate 50.. 

A stem or rod 106 extending throudi a 
rectangular-slmped opening 108 in base 
section 78 has a generauy rectangular«haped 
head 110 trapped in a rectangular-shaped 

35 recess 112inbasesection78 by die block 90. 
The stem 106 is adapted to be cBsengaged 
from base section 78 by moving stem 106 
aodall^ relative to piston 75 to disengap 
Eead tlO' from recess 112 whiereupon me 

40 stem 106 is rotated to align head 110 ^th 
opening 108 and wididrawn from base 
section 78. The stem 106 may be attached to 
base section 78 in a dmilar maimer but 
reverse sense. The stem 106 is coaxial 

45 relative to piston 75, tubular section 74 and 
sleeve 64 and includes a dueaded end 114 
adapted to receive an annular head or 
button 116 threadedly engaged dierewith. 
The button 116 bears against a shoulder 118 

50 formed on stem 106 andis locked in position 
thereagainst by a lock nut 120 direadedly 
enragM with end 114. The radial outer 
suraaoe of button 116 is curved to pennit 
button 116 to stide along a tube 122 as will 

55 be described. 

.The radially deformable tube 122, 
preferabhr made of metal capable of plastic 
deformation under a predetermined force 
load, surrounds stem l06 coaxial dierewidi 

60 and is provided with an inner diameter 
sH^idy smaller dian the button 116 
diameter. The inner surface of tube 122 is 
engaged by button 116 wiilch is forcibly 
griped by tube 122 at any given position ol 

65 button 116 t&erefai. A tabular member 124 



coaxial with tube 122 and in radially spaced 
apart rHatirmship thereto has a radial^ 
outwardly extending annular flange 126 on 
one end and a reduced diameter opposite 
end provided widi an annular recess 128. 70 
The tubular member 124 is attached at one 
end to tube 122 by virtue of a sfip flt in 
recess 128. A compression Sfning 130 
surrounding tubular member 124 alnd coaxial 
tfaerewidi is interposed between an annular 75 
radially extendfaie shoulder 132 formed on 
tubular section 74 and a washer 134 bearing 
against flange 126 rasultine in axial 
retraction of tubular member 124 and tube 
122 as well as stem 106, by virtue of 80 
engagemmt of button 116 wim tube 112, 
and a jdston 75. Tlie extent to which the 
above members are retracted by spring 130 
is defined bv an annular snap ting member 
136 removably secured in a mating annular 85 
recess 1^ formed in the wall of an enlarged 
diameter section 140 of annular mcsmber 59 
which section 140 terminates in an annular 
shoulder 142. The shoulder 142 is engaged 
by washer 134 to thereby limit movement of 90 
the latta awa^ from snap ring 136 during a 
brake application as wiU be described, "nie 
range of axial movement of annular member 
126 pemdtted by snap ring 136 and shoulder 
142 which act as stops establishes a 95 
predetermined brake clearance upon 
retraction of the pressure plate 50. The 
annular head or button lib eangies the 
internal wall of the tube 122 in such a way as 
to define a predetermined force resisting 100 
axial relative movement between the stem 
106 and the tube 122, tlds force bdng 
greater than that defined by the com* 
pression spring 130. 

The brake is ehergisef upon an increase 105 
in pressure of the flmd supplied to passage 
87 from which it passes via chamber 86 and 
openings 84 to the annular end of skirt 
section 76. Bach of the pbtons 75 are 
simultaneously pressurized in the above 110 
manner resulting in movement of pressure 
plate 50 toward backing plate 36 between 
whidi the rotors and stators 42 and 40 are 
ad£^ted to be compressed. The tabular 
member 124 iMing secured to piston 75 via 115 
tube 122, button 116 and stem 106 moves 
with piston 75 thereby compresang spring 
130 until washer 134 engages shoulder or 
stop 142 wheretmon the tabular member 124 
is &ced in position. Assuming die pressure 120 
plate 50 has failed to move to the extent 
required to fully engage rotors and stetors 
42 and 40 as a result of brake lining wear, 
die piston 75 will contiilue to move in 
response to the pressurized fluid applied 125 
against skirt section 76. The button 116 is 
urged via stem 106 by piston 75 axially 
against tile resistance tube 122 wiiich is 
deformed radially outwardly permitting the 
piston 75 and pressure plate 50 to advance 130 
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accordingly undl full engagement of tlie 
rotois and stators 42 and 40 is attained. 

The brake is released open' 
de^essnrization of flie^ skirt section 76 
5 which results in retraction of piston 75 
under the inffaience of spring 130 since ^le 
button 116 is grmped by tube 122 as a result 
of the plastic d^onnatiou of tube 122. The 
retrachon of piston 75 is limited to die 
10 .extent provided by snap rins 136 which is 
engaged by washer 134 thereby estabfiaUng 
the desired predetermined running 
clearance of rotor and stator members 42 
and 40. 

15 The aodai movement oi button IK 
through tube 122 continues ad accessary to 
ccMupensate for wear oi the linings 38, 44 
and s2 vp<m appHcation of the bra^ Upon 
readhing the reduced diameter end of 
20| tubular member 124 provided widi annular 
• recess 128 die button 116 b prevented from 
further movement relative to tube 122 
diereby necessitating overhaul of the adtust 
and reset portion of motor assembly 5o. It 
25 be recognized that die range of 

movement of button 116 in tube 122 will 
correspond to the permissible cumulative 
axial wear of die linings 38, 44 and 52. 
It win be noted ibat the spring 130, 
30 tutndar member 124. tube 122, button 116 
and stem 106 are not exposed to the 
-pressurized fluid which actuates piston 75 
thereb^r avoiding contaminatkm of the 
pressurized fluid widi parddes of metal 
35 n^ch may result from movement of the 
varons members of the adjust and reset 
apparatus. The spring 130, tubular member 
124, tube 122, button 116 and stem 106 are 
exposed to ambient air. 
40 The radial durance between spring 130 
and tubular section 74 as well as tiwular 
member 124 is reduced to a minimum to 
minimize radial vibradon of the spring 130. 
Also, the radial spacing between the Prions 
45 memlierB8Uchastubel22reladve totubidar 
section 74 and tubular member 124 reladve 
to tubular secdon 74 Is minimized to present 
a oonroact arrangement of these members 
wiOdniHBtDn 75 
50 Itemoval of the entire motor assembly 56 
is a reladvely simple matter since it minr lie 
extracted from carrier 26 without disturbing 
die remaining brake elements. The piston 75 
is forced away from pressure plate 50 by a 
55 suitable tool, not shown such as a pry barer 
the fike causfaa skirt section to seat agamst 
wan portion 72 wheoreimon cap 92 may be 
disengaged £rom piston 75 and end portion 
of boot 98 disengaged from recess 100. The 
60 annular member 59 is unscrewed from 
carrier 26 and sleeve 64 withdrawn frdm 
cavity 30 on die external side Le. side op- 
posite to pressure plate side of carrier & 
dier^y removidj^ die entire motor asseml^y 
65 56, The assemSfy' 55 *is conq»ietdy 



disassembled by fcnrcing piston 75 toward 
wall portion 72 to seat skirt secdon 76 
against the latter resulting in disengagement 
of tube 122 from recess 128 or displacement 
oi button 116 toward the free end of tube 70 
122. The lock nut 120 and snap ring 136 are 
removed to permit removal of Imtton 116. 
and tubular member 124 follawing which 
the stem 106 may be rotated to disengage 
the end thereof from base section 78. The 75 
piston 75 can be wididrawn from sleeve 64 
and tubular section 74. Assembly may be 
accomplished by reversing die above- 
mentioned sequence. 

F^ffdal disc^sembly. in the event of a 80 
broken stem 106, for exan^^ may be made 
with minimum disturbance of parts. To that 
end, the piston 75 msf be iofrood away from 
pressure plate 50 to permit sufficient room 
to slide retaining cap 92 axiafly relative to 85 
piston 75 and partially withdraw block 90 
ttom recess 88. Obviously, a broken stem 
106 does not require removal of lock nut 120 
to permit remom of tube 122 wiiich may be 
disengaged from recess 128 and withdrawn. 90 
The stem 106 may then be urged toward 
block 90 to dear recess 112 and rotated to a 
position permitting withdrawal of head 110 
throudi opening 108. A new ^em 106 and 
tube 122 may be inserted by reve rsin g the 95 
above-mentioned steps following wUteh a 
ljutton 116 is positioned on stem 106 and 
k>bked Sl position tfaenson by look nut 120.- 
The lock nut 120 may be seemed bk position 
by sintable wfre means 144 if desired. 100 

WHAT WE CLAIM IS>— 

1. A brake actuating apparatus for a 
mnlthkle disc aircraft disc braloe, compriang 
a ca^ng having a cavity therein, a piston 
slidabfy earned in said cavity and responsive 105 
to a pressurized fluid communicated to said 
cavi^, adjust and reset means being also 
provided in said cavity wherein said piston is 
further slidably carri^ on a tubular section 
fixedly connected to the casing so as to 110 
define between said casing, said tubular 
section and said piston an ft^nwlwr chamber 
admted to be supplied by said pressuciaed 
fluid, the adjust and reset means being 
coaxiaUy arranged in said tubular section, 115 
and isdated from the pressurized fluid. 

2. A brake actuating apparatus according 
to claim 1, wherein said adjust and reset 
means comprise a first tubular member, said 
tubular section defining first and second 120 
azially spaced stop means, resilient means 
normally urging said tubular member 
against the first stop means on brake release 
said tubular member camyine a def ormable 
tnbidar member throng v^fuch extends a 125 
stem member secured at one end to said 
piston and having an annular head engaging 
meantemal wall of said def ormable tubular 
member to^ define a pretfeteDntoMi force 
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lesistiiig axial lelatlvo movement between 
die stem member and the deformable 
tabular member, said f Ofoe being greater 
tban tile feme defined by the resilient 



* 3. A brake actnatuif apparatus according 
to claim 2, wherein said resilient means is a 
compression spring. 

4. Abiake actuating apparatus according 
10 to daim 3, wherein one end of said com- 

presnon raring bears against a washer 
b^iring agamst ttie first tubular member, the 
other end of the compression spring besfring 
against a radially extending shoulder 
15 provided on said tubular section. 

5. A brake actuating apparatus accordhig- 
to claim 4» wherein said washer is adapted to 
engage said first and second stop means. 

bTA brake actuating mpatatns accoiding 
20 to any one of 2 to 5, iHierein tfie first 
stop means is an annnlar ring member 
removably secured to said tubular section, 
Che second stop means being an anrnilar 
shoulder formed on said tubular section. 
25 7. A brake actuating apparatus according 
to any one of claims 2 to 6, wherein said 
stem member Is removably secured to said 
piston to permit withdrawal of the stem 
member from the piston. 
30 8. A brake actuatmg apparatus according 



to any one of dmms 2 to 7, wherein said 
nitmiinr head is removabfy secured to the 
tee end of the stem member by a lock nut 
threadedly engaged with file free end of said 
stem member. 

9. A lirake actuating apparatus according 
to any me ot the precedlnfi claims wherein a 
sleeve member Is diyosed In said cavity in 
radiaDy spaced apart relationslnp to said 
tubular section, raid piston having a skirt 40 
portion slidably engaged wldi said sleeve 
member and said tubular secdon and 
provided ^th a base portion. 

10. A brake actuating apparatus ac- 
ceding to any one of the precraing claims, 45 
wherein the tubular section dranes a 
portion d an anmilar member further 
oonqnislng an outer wan portion threadedly 
and seahngly engaged with said casfaig. 

11. A brake actuating apparatus for a 50 
mnltkile disc aircraft disc brake sub- 
tttanOally as described and as Ifiustrated with 
reference to the accompanying drawings. 

Fov the Applicants^— * 
F.J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
40— 43 Chancery Lane, 
London WC2A 1 JQ. 
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